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What does a physicist see as he walks down
Amagansett beach?

Water Earth

Air

Fire



Liquid Solid

Gas

“States of Matter”

Plasma



Waves in water Geological dynamics

The universe, beyond the visible sky

Light from the sun (scattering off of the atmosphere,
making the sky blue!)

Underlying Dynamics



“Temperature” of the Sun

Core of the sun is 13-25 million oK
Surface of the sun is 7000oK



Physics: It’s all around you,
but is often hidden from view



What difference can a year make?
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change in the way grades were assigned caused confusion years later. Two of his uncles fostered his intellectual interests during his late childhood and
early adolescence by suggesting and providing books on science and mathematics.

In 1894, following the failure of Hermann's electrochemical business, the Einsteins moved from Munich to Pavia, Italy (near Milan). Albert remained
behind alone in Munich lodgings to finish school, completing only one term before leaving school in spring 1895, without telling his parents, a year and a
half before final examinations, before rejoining his family in Pavia. He convinced the school to let him go with a medical note from a friendly doctor, but

this meant he had no secondary-school certificate.1

Despite excelling in the mathematics and science portion, his failure of the liberal arts portion of the Eidgenössische Technische Hochschule (Swiss
Federal Institute of Technology, in Zurich) entrance exam the following year was a setback; he was sent by his family to Aarau, Switzerland, to finish
secondary school, where he received his diploma in 1896 September. During this time he lodged with Professor Jost Winteler's family and became
enamoured with Marie, their daughter, his first sweetheart. Albert's sister Maja was to later marry their son Paul, and his friend Michele Besso married

their other daughter Anna.1 Einstein subsequently enrolled at the Eidgenössische Technische Hochschule in October and moved to Zurich, while Marie
moved to Olsberg for a teaching post. The same year, he renounced his Württemberg citizenship, becoming stateless.

In the spring of 1896, the Serbian Mileva Mari! (an acquaintance of Nikola Tesla) started initially as a medical student at the University of Zurich, but
after a term switched to the same section as Einstein, and as the only woman that year, to study for the same diploma. Einstein's relationship with Mileva
developed into romance over the next few years.

In 1900, he was granted a teaching diploma by the Eidgenössische Technische Hochschule and was accepted as a Swiss citizen in 1901. During this time
Einstein discussed his scientific interests with a group of close friends, including Mileva. He and Mileva had a daughter Lieserl, born in January 1902.
Lieserl, at the time, was considered illegitimate because the parents were unwed.

Work and doctorate

Upon graduation, Einstein could not find a teaching post, mostly because his brashness as a young man had apparently irritated most of his professors. The
father of a classmate helped him obtain employment as a technical assistant examiner at the Swiss Patent Office [1] (http://www.ipi.ch/E/institut/i1.shtm) in
1902. There, Einstein judged the worth of inventors' patent applications for devices that required a knowledge of physics to understand. He also learned
how to discern the essence of applications despite sometimes poor descriptions, and was taught by the director how "to express myself correctly". He
occasionally rectified their design errors while evaluating the practicality of their work.

Einstein married Mileva Mari! on January 6, 1903. Einstein's marriage to Mari!, who was a mathematician, was both a personal and intellectual
partnership: Einstein referred to Mileva as "a creature who is my equal and who is as strong and independent as I am". Ronald W. Clark, a biographer of
Einstein, claimed that Einstein depended on the distance that existed in his and Mileva's marriage in order to have the solitude necessary to accomplish his
work. Abram Joffe, a Soviet physicist who knew Einstein, in an obituary of Einstein, wrote, "The author of [the papers of 1905] was ... a bureaucrat at the
Patent Office in Bern, Einstein-Mari!" and this has recently been taken as evidence of a collaborative relationship. However, according to Alberto A.
Martínez of the Center for Einstein Studies at Boston University, Joffe only ascribed authorship to Einstein, as he believed that it was a Swiss custom at
the time to append the spouse's last name to the husband's name.[2] (http://physicsweb.org/articles/world/17/4/2) Whatever the truth, the extent of her
influence on Einstein's work is a highly controversial and debated question.

On May 14, 1904, the couple's first son, Hans Albert Einstein, was born. In 1904, Einstein's position at the Swiss Patent
Office was made permanent. He obtained his doctorate after submitting his thesis "A new determination of molecular
dimensions" ("Eine neue Bestimmung der Moleküldimensionen") in 1905.

That same year, he wrote four articles that provided the foundation of modern physics, without much scientific literature
to which he could refer or many scientific colleagues with whom he could discuss the theories. Most physicists agree
that three of those papers (on Brownian motion, the photoelectric effect, and special relativity) deserved Nobel Prizes.
Only the paper on the photoelectric effect would win one. This is ironic, not only because Einstein is far better-known
for relativity, but also because the photoelectric effect is a quantum phenomenon, and Einstein became somewhat
disenchanted with the path quantum theory would take. What makes these papers remarkable is that, in each case,
Einstein boldly took an idea from theoretical physics to its logical consequences and managed to explain experimental
results that had baffled scientists for decades.

He submitted these papers to the "Annalen der Physik". They are commonly referred to as the "Annus Mirabilis Papers"
(from Annus mirabilis, Latin for 'year of wonders'). The International Union of Pure and Applied Physics (IUPAP) plans
to commemorate the 100th year of the publication of Einstein's extensive work in 1905 as the 'World Year of Physics
2005'.

Photoelectric effect

The first paper, named "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", ("Über einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt") proposed the idea of "energy quanta"
(which underlies the concept of what is now called photons) and showed how it could
be used to explain such phenomena as the photoelectric effect. The idea of energy
quanta was motivated by Max Planck's earlier derivation of the law of black-body

Einstein in 1905, when he

worked at the patent office in

Berne

In a single year,
1905,

Einstein published
four papers, three of

which could have
won a Nobel Prize

(and one did!)



March 1905 - Einstein publishes paper on the
“photoelectric effect”, determining that light has

irreducible “particle” aspects.
  

Important precursor to Quantum Theory
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change in the way grades were assigned caused confusion years later. Two of his uncles fostered his intellectual interests during his late childhood and
early adolescence by suggesting and providing books on science and mathematics.

In 1894, following the failure of Hermann's electrochemical business, the Einsteins moved from Munich to Pavia, Italy (near Milan). Albert remained
behind alone in Munich lodgings to finish school, completing only one term before leaving school in spring 1895, without telling his parents, a year and a
half before final examinations, before rejoining his family in Pavia. He convinced the school to let him go with a medical note from a friendly doctor, but

this meant he had no secondary-school certificate.1

Despite excelling in the mathematics and science portion, his failure of the liberal arts portion of the Eidgenössische Technische Hochschule (Swiss
Federal Institute of Technology, in Zurich) entrance exam the following year was a setback; he was sent by his family to Aarau, Switzerland, to finish
secondary school, where he received his diploma in 1896 September. During this time he lodged with Professor Jost Winteler's family and became
enamoured with Marie, their daughter, his first sweetheart. Albert's sister Maja was to later marry their son Paul, and his friend Michele Besso married

their other daughter Anna.1 Einstein subsequently enrolled at the Eidgenössische Technische Hochschule in October and moved to Zurich, while Marie
moved to Olsberg for a teaching post. The same year, he renounced his Württemberg citizenship, becoming stateless.

In the spring of 1896, the Serbian Mileva Mari! (an acquaintance of Nikola Tesla) started initially as a medical student at the University of Zurich, but
after a term switched to the same section as Einstein, and as the only woman that year, to study for the same diploma. Einstein's relationship with Mileva
developed into romance over the next few years.

In 1900, he was granted a teaching diploma by the Eidgenössische Technische Hochschule and was accepted as a Swiss citizen in 1901. During this time
Einstein discussed his scientific interests with a group of close friends, including Mileva. He and Mileva had a daughter Lieserl, born in January 1902.
Lieserl, at the time, was considered illegitimate because the parents were unwed.

Work and doctorate

Upon graduation, Einstein could not find a teaching post, mostly because his brashness as a young man had apparently irritated most of his professors. The
father of a classmate helped him obtain employment as a technical assistant examiner at the Swiss Patent Office [1] (http://www.ipi.ch/E/institut/i1.shtm) in
1902. There, Einstein judged the worth of inventors' patent applications for devices that required a knowledge of physics to understand. He also learned
how to discern the essence of applications despite sometimes poor descriptions, and was taught by the director how "to express myself correctly". He
occasionally rectified their design errors while evaluating the practicality of their work.

Einstein married Mileva Mari! on January 6, 1903. Einstein's marriage to Mari!, who was a mathematician, was both a personal and intellectual
partnership: Einstein referred to Mileva as "a creature who is my equal and who is as strong and independent as I am". Ronald W. Clark, a biographer of
Einstein, claimed that Einstein depended on the distance that existed in his and Mileva's marriage in order to have the solitude necessary to accomplish his
work. Abram Joffe, a Soviet physicist who knew Einstein, in an obituary of Einstein, wrote, "The author of [the papers of 1905] was ... a bureaucrat at the
Patent Office in Bern, Einstein-Mari!" and this has recently been taken as evidence of a collaborative relationship. However, according to Alberto A.
Martínez of the Center for Einstein Studies at Boston University, Joffe only ascribed authorship to Einstein, as he believed that it was a Swiss custom at
the time to append the spouse's last name to the husband's name.[2] (http://physicsweb.org/articles/world/17/4/2) Whatever the truth, the extent of her
influence on Einstein's work is a highly controversial and debated question.

On May 14, 1904, the couple's first son, Hans Albert Einstein, was born. In 1904, Einstein's position at the Swiss Patent
Office was made permanent. He obtained his doctorate after submitting his thesis "A new determination of molecular
dimensions" ("Eine neue Bestimmung der Moleküldimensionen") in 1905.

That same year, he wrote four articles that provided the foundation of modern physics, without much scientific literature
to which he could refer or many scientific colleagues with whom he could discuss the theories. Most physicists agree
that three of those papers (on Brownian motion, the photoelectric effect, and special relativity) deserved Nobel Prizes.
Only the paper on the photoelectric effect would win one. This is ironic, not only because Einstein is far better-known
for relativity, but also because the photoelectric effect is a quantum phenomenon, and Einstein became somewhat
disenchanted with the path quantum theory would take. What makes these papers remarkable is that, in each case,
Einstein boldly took an idea from theoretical physics to its logical consequences and managed to explain experimental
results that had baffled scientists for decades.

He submitted these papers to the "Annalen der Physik". They are commonly referred to as the "Annus Mirabilis Papers"
(from Annus mirabilis, Latin for 'year of wonders'). The International Union of Pure and Applied Physics (IUPAP) plans
to commemorate the 100th year of the publication of Einstein's extensive work in 1905 as the 'World Year of Physics
2005'.

Photoelectric effect

The first paper, named "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", ("Über einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt") proposed the idea of "energy quanta"
(which underlies the concept of what is now called photons) and showed how it could
be used to explain such phenomena as the photoelectric effect. The idea of energy
quanta was motivated by Max Planck's earlier derivation of the law of black-body

Einstein in 1905, when he

worked at the patent office in

Berne

Rate of electron emission from a metal
depends on a minimum frequency (energy)

and not just on the intensity of the light



May 1905 - Einstein publishes paper on the
“Brownian Motion”, explaining jagged paths

of particles suspended in solution.
  

Helped us understand atomic nature of matter
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change in the way grades were assigned caused confusion years later. Two of his uncles fostered his intellectual interests during his late childhood and
early adolescence by suggesting and providing books on science and mathematics.

In 1894, following the failure of Hermann's electrochemical business, the Einsteins moved from Munich to Pavia, Italy (near Milan). Albert remained
behind alone in Munich lodgings to finish school, completing only one term before leaving school in spring 1895, without telling his parents, a year and a
half before final examinations, before rejoining his family in Pavia. He convinced the school to let him go with a medical note from a friendly doctor, but

this meant he had no secondary-school certificate.1

Despite excelling in the mathematics and science portion, his failure of the liberal arts portion of the Eidgenössische Technische Hochschule (Swiss
Federal Institute of Technology, in Zurich) entrance exam the following year was a setback; he was sent by his family to Aarau, Switzerland, to finish
secondary school, where he received his diploma in 1896 September. During this time he lodged with Professor Jost Winteler's family and became
enamoured with Marie, their daughter, his first sweetheart. Albert's sister Maja was to later marry their son Paul, and his friend Michele Besso married

their other daughter Anna.1 Einstein subsequently enrolled at the Eidgenössische Technische Hochschule in October and moved to Zurich, while Marie
moved to Olsberg for a teaching post. The same year, he renounced his Württemberg citizenship, becoming stateless.

In the spring of 1896, the Serbian Mileva Mari! (an acquaintance of Nikola Tesla) started initially as a medical student at the University of Zurich, but
after a term switched to the same section as Einstein, and as the only woman that year, to study for the same diploma. Einstein's relationship with Mileva
developed into romance over the next few years.

In 1900, he was granted a teaching diploma by the Eidgenössische Technische Hochschule and was accepted as a Swiss citizen in 1901. During this time
Einstein discussed his scientific interests with a group of close friends, including Mileva. He and Mileva had a daughter Lieserl, born in January 1902.
Lieserl, at the time, was considered illegitimate because the parents were unwed.

Work and doctorate

Upon graduation, Einstein could not find a teaching post, mostly because his brashness as a young man had apparently irritated most of his professors. The
father of a classmate helped him obtain employment as a technical assistant examiner at the Swiss Patent Office [1] (http://www.ipi.ch/E/institut/i1.shtm) in
1902. There, Einstein judged the worth of inventors' patent applications for devices that required a knowledge of physics to understand. He also learned
how to discern the essence of applications despite sometimes poor descriptions, and was taught by the director how "to express myself correctly". He
occasionally rectified their design errors while evaluating the practicality of their work.

Einstein married Mileva Mari! on January 6, 1903. Einstein's marriage to Mari!, who was a mathematician, was both a personal and intellectual
partnership: Einstein referred to Mileva as "a creature who is my equal and who is as strong and independent as I am". Ronald W. Clark, a biographer of
Einstein, claimed that Einstein depended on the distance that existed in his and Mileva's marriage in order to have the solitude necessary to accomplish his
work. Abram Joffe, a Soviet physicist who knew Einstein, in an obituary of Einstein, wrote, "The author of [the papers of 1905] was ... a bureaucrat at the
Patent Office in Bern, Einstein-Mari!" and this has recently been taken as evidence of a collaborative relationship. However, according to Alberto A.
Martínez of the Center for Einstein Studies at Boston University, Joffe only ascribed authorship to Einstein, as he believed that it was a Swiss custom at
the time to append the spouse's last name to the husband's name.[2] (http://physicsweb.org/articles/world/17/4/2) Whatever the truth, the extent of her
influence on Einstein's work is a highly controversial and debated question.

On May 14, 1904, the couple's first son, Hans Albert Einstein, was born. In 1904, Einstein's position at the Swiss Patent
Office was made permanent. He obtained his doctorate after submitting his thesis "A new determination of molecular
dimensions" ("Eine neue Bestimmung der Moleküldimensionen") in 1905.

That same year, he wrote four articles that provided the foundation of modern physics, without much scientific literature
to which he could refer or many scientific colleagues with whom he could discuss the theories. Most physicists agree
that three of those papers (on Brownian motion, the photoelectric effect, and special relativity) deserved Nobel Prizes.
Only the paper on the photoelectric effect would win one. This is ironic, not only because Einstein is far better-known
for relativity, but also because the photoelectric effect is a quantum phenomenon, and Einstein became somewhat
disenchanted with the path quantum theory would take. What makes these papers remarkable is that, in each case,
Einstein boldly took an idea from theoretical physics to its logical consequences and managed to explain experimental
results that had baffled scientists for decades.

He submitted these papers to the "Annalen der Physik". They are commonly referred to as the "Annus Mirabilis Papers"
(from Annus mirabilis, Latin for 'year of wonders'). The International Union of Pure and Applied Physics (IUPAP) plans
to commemorate the 100th year of the publication of Einstein's extensive work in 1905 as the 'World Year of Physics
2005'.

Photoelectric effect

The first paper, named "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", ("Über einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt") proposed the idea of "energy quanta"
(which underlies the concept of what is now called photons) and showed how it could
be used to explain such phenomena as the photoelectric effect. The idea of energy
quanta was motivated by Max Planck's earlier derivation of the law of black-body

Einstein in 1905, when he

worked at the patent office in

Berne

http://www.usm.maine.edu/~pauln/BrownianMotion/BrownianMotion.html



June 1905 - Einstein publishes paper on the
“Electrodynamics of Moving Bodies”, where he gives 

the formulae of the Theory of  Special Relativity
  

Completely upended classical view of space-time
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change in the way grades were assigned caused confusion years later. Two of his uncles fostered his intellectual interests during his late childhood and
early adolescence by suggesting and providing books on science and mathematics.

In 1894, following the failure of Hermann's electrochemical business, the Einsteins moved from Munich to Pavia, Italy (near Milan). Albert remained
behind alone in Munich lodgings to finish school, completing only one term before leaving school in spring 1895, without telling his parents, a year and a
half before final examinations, before rejoining his family in Pavia. He convinced the school to let him go with a medical note from a friendly doctor, but

this meant he had no secondary-school certificate.1

Despite excelling in the mathematics and science portion, his failure of the liberal arts portion of the Eidgenössische Technische Hochschule (Swiss
Federal Institute of Technology, in Zurich) entrance exam the following year was a setback; he was sent by his family to Aarau, Switzerland, to finish
secondary school, where he received his diploma in 1896 September. During this time he lodged with Professor Jost Winteler's family and became
enamoured with Marie, their daughter, his first sweetheart. Albert's sister Maja was to later marry their son Paul, and his friend Michele Besso married

their other daughter Anna.1 Einstein subsequently enrolled at the Eidgenössische Technische Hochschule in October and moved to Zurich, while Marie
moved to Olsberg for a teaching post. The same year, he renounced his Württemberg citizenship, becoming stateless.

In the spring of 1896, the Serbian Mileva Mari! (an acquaintance of Nikola Tesla) started initially as a medical student at the University of Zurich, but
after a term switched to the same section as Einstein, and as the only woman that year, to study for the same diploma. Einstein's relationship with Mileva
developed into romance over the next few years.

In 1900, he was granted a teaching diploma by the Eidgenössische Technische Hochschule and was accepted as a Swiss citizen in 1901. During this time
Einstein discussed his scientific interests with a group of close friends, including Mileva. He and Mileva had a daughter Lieserl, born in January 1902.
Lieserl, at the time, was considered illegitimate because the parents were unwed.

Work and doctorate

Upon graduation, Einstein could not find a teaching post, mostly because his brashness as a young man had apparently irritated most of his professors. The
father of a classmate helped him obtain employment as a technical assistant examiner at the Swiss Patent Office [1] (http://www.ipi.ch/E/institut/i1.shtm) in
1902. There, Einstein judged the worth of inventors' patent applications for devices that required a knowledge of physics to understand. He also learned
how to discern the essence of applications despite sometimes poor descriptions, and was taught by the director how "to express myself correctly". He
occasionally rectified their design errors while evaluating the practicality of their work.

Einstein married Mileva Mari! on January 6, 1903. Einstein's marriage to Mari!, who was a mathematician, was both a personal and intellectual
partnership: Einstein referred to Mileva as "a creature who is my equal and who is as strong and independent as I am". Ronald W. Clark, a biographer of
Einstein, claimed that Einstein depended on the distance that existed in his and Mileva's marriage in order to have the solitude necessary to accomplish his
work. Abram Joffe, a Soviet physicist who knew Einstein, in an obituary of Einstein, wrote, "The author of [the papers of 1905] was ... a bureaucrat at the
Patent Office in Bern, Einstein-Mari!" and this has recently been taken as evidence of a collaborative relationship. However, according to Alberto A.
Martínez of the Center for Einstein Studies at Boston University, Joffe only ascribed authorship to Einstein, as he believed that it was a Swiss custom at
the time to append the spouse's last name to the husband's name.[2] (http://physicsweb.org/articles/world/17/4/2) Whatever the truth, the extent of her
influence on Einstein's work is a highly controversial and debated question.

On May 14, 1904, the couple's first son, Hans Albert Einstein, was born. In 1904, Einstein's position at the Swiss Patent
Office was made permanent. He obtained his doctorate after submitting his thesis "A new determination of molecular
dimensions" ("Eine neue Bestimmung der Moleküldimensionen") in 1905.

That same year, he wrote four articles that provided the foundation of modern physics, without much scientific literature
to which he could refer or many scientific colleagues with whom he could discuss the theories. Most physicists agree
that three of those papers (on Brownian motion, the photoelectric effect, and special relativity) deserved Nobel Prizes.
Only the paper on the photoelectric effect would win one. This is ironic, not only because Einstein is far better-known
for relativity, but also because the photoelectric effect is a quantum phenomenon, and Einstein became somewhat
disenchanted with the path quantum theory would take. What makes these papers remarkable is that, in each case,
Einstein boldly took an idea from theoretical physics to its logical consequences and managed to explain experimental
results that had baffled scientists for decades.

He submitted these papers to the "Annalen der Physik". They are commonly referred to as the "Annus Mirabilis Papers"
(from Annus mirabilis, Latin for 'year of wonders'). The International Union of Pure and Applied Physics (IUPAP) plans
to commemorate the 100th year of the publication of Einstein's extensive work in 1905 as the 'World Year of Physics
2005'.

Photoelectric effect

The first paper, named "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", ("Über einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt") proposed the idea of "energy quanta"
(which underlies the concept of what is now called photons) and showed how it could
be used to explain such phenomena as the photoelectric effect. The idea of energy
quanta was motivated by Max Planck's earlier derivation of the law of black-body

Einstein in 1905, when he

worked at the patent office in

Berne



September 1905 - Einstein publishes paper, “Does the 
Inertia of a Body Depend on Its Energy Content?”, 

where he gives his most famous formula

E = mc
2
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change in the way grades were assigned caused confusion years later. Two of his uncles fostered his intellectual interests during his late childhood and
early adolescence by suggesting and providing books on science and mathematics.

In 1894, following the failure of Hermann's electrochemical business, the Einsteins moved from Munich to Pavia, Italy (near Milan). Albert remained
behind alone in Munich lodgings to finish school, completing only one term before leaving school in spring 1895, without telling his parents, a year and a
half before final examinations, before rejoining his family in Pavia. He convinced the school to let him go with a medical note from a friendly doctor, but

this meant he had no secondary-school certificate.1

Despite excelling in the mathematics and science portion, his failure of the liberal arts portion of the Eidgenössische Technische Hochschule (Swiss
Federal Institute of Technology, in Zurich) entrance exam the following year was a setback; he was sent by his family to Aarau, Switzerland, to finish
secondary school, where he received his diploma in 1896 September. During this time he lodged with Professor Jost Winteler's family and became
enamoured with Marie, their daughter, his first sweetheart. Albert's sister Maja was to later marry their son Paul, and his friend Michele Besso married

their other daughter Anna.1 Einstein subsequently enrolled at the Eidgenössische Technische Hochschule in October and moved to Zurich, while Marie
moved to Olsberg for a teaching post. The same year, he renounced his Württemberg citizenship, becoming stateless.

In the spring of 1896, the Serbian Mileva Mari! (an acquaintance of Nikola Tesla) started initially as a medical student at the University of Zurich, but
after a term switched to the same section as Einstein, and as the only woman that year, to study for the same diploma. Einstein's relationship with Mileva
developed into romance over the next few years.

In 1900, he was granted a teaching diploma by the Eidgenössische Technische Hochschule and was accepted as a Swiss citizen in 1901. During this time
Einstein discussed his scientific interests with a group of close friends, including Mileva. He and Mileva had a daughter Lieserl, born in January 1902.
Lieserl, at the time, was considered illegitimate because the parents were unwed.

Work and doctorate

Upon graduation, Einstein could not find a teaching post, mostly because his brashness as a young man had apparently irritated most of his professors. The
father of a classmate helped him obtain employment as a technical assistant examiner at the Swiss Patent Office [1] (http://www.ipi.ch/E/institut/i1.shtm) in
1902. There, Einstein judged the worth of inventors' patent applications for devices that required a knowledge of physics to understand. He also learned
how to discern the essence of applications despite sometimes poor descriptions, and was taught by the director how "to express myself correctly". He
occasionally rectified their design errors while evaluating the practicality of their work.

Einstein married Mileva Mari! on January 6, 1903. Einstein's marriage to Mari!, who was a mathematician, was both a personal and intellectual
partnership: Einstein referred to Mileva as "a creature who is my equal and who is as strong and independent as I am". Ronald W. Clark, a biographer of
Einstein, claimed that Einstein depended on the distance that existed in his and Mileva's marriage in order to have the solitude necessary to accomplish his
work. Abram Joffe, a Soviet physicist who knew Einstein, in an obituary of Einstein, wrote, "The author of [the papers of 1905] was ... a bureaucrat at the
Patent Office in Bern, Einstein-Mari!" and this has recently been taken as evidence of a collaborative relationship. However, according to Alberto A.
Martínez of the Center for Einstein Studies at Boston University, Joffe only ascribed authorship to Einstein, as he believed that it was a Swiss custom at
the time to append the spouse's last name to the husband's name.[2] (http://physicsweb.org/articles/world/17/4/2) Whatever the truth, the extent of her
influence on Einstein's work is a highly controversial and debated question.

On May 14, 1904, the couple's first son, Hans Albert Einstein, was born. In 1904, Einstein's position at the Swiss Patent
Office was made permanent. He obtained his doctorate after submitting his thesis "A new determination of molecular
dimensions" ("Eine neue Bestimmung der Moleküldimensionen") in 1905.

That same year, he wrote four articles that provided the foundation of modern physics, without much scientific literature
to which he could refer or many scientific colleagues with whom he could discuss the theories. Most physicists agree
that three of those papers (on Brownian motion, the photoelectric effect, and special relativity) deserved Nobel Prizes.
Only the paper on the photoelectric effect would win one. This is ironic, not only because Einstein is far better-known
for relativity, but also because the photoelectric effect is a quantum phenomenon, and Einstein became somewhat
disenchanted with the path quantum theory would take. What makes these papers remarkable is that, in each case,
Einstein boldly took an idea from theoretical physics to its logical consequences and managed to explain experimental
results that had baffled scientists for decades.

He submitted these papers to the "Annalen der Physik". They are commonly referred to as the "Annus Mirabilis Papers"
(from Annus mirabilis, Latin for 'year of wonders'). The International Union of Pure and Applied Physics (IUPAP) plans
to commemorate the 100th year of the publication of Einstein's extensive work in 1905 as the 'World Year of Physics
2005'.

Photoelectric effect

The first paper, named "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", ("Über einen die Erzeugung und Verwandlung des Lichtes
betreffenden heuristischen Gesichtspunkt") proposed the idea of "energy quanta"
(which underlies the concept of what is now called photons) and showed how it could
be used to explain such phenomena as the photoelectric effect. The idea of energy
quanta was motivated by Max Planck's earlier derivation of the law of black-body

Einstein in 1905, when he

worked at the patent office in

Berne



Of course, the conversion of mass to energy is the
basis of the physics used to release energy from the

nucleus,  sometimes for destructive purposes...

E = mc
2



but also for constructive purposes
(e.g. medical imaging with PET & MRI)

E = mc
2



It is also the foundation of modern particle physics,
colliding elementary particles at such high
energies that new particles are created.

E = mc
2



http://www.ccd.bnl.gov/visualization/gallery/au_on_au/

E = mc
2

Protons & Neutrons 
→ Quarks & Gluons 
→ 1000’s of particles

time in units of 0.000000000000000000000003 sec

E=mc2 is the foundation of high-energy nuclear physics,
colliding ions at such high energies that 400 particles

turn into nearly 10,000 of them!



http://www.ccd.bnl.gov/visualization/gallery/au_on_au/

Bang!Colliding
Nuclei ? Final particles

Protons &
Neutrons
“made” of

quarks held
together by

gluons

“Quark-Gluon
Plasma”
(QGP)?



“Quark-Gluon
Gas”?

“Quark-Gluon
Liquid”?



RHIC @ BNL

E=mc2 is also the foundation of the physics we do here at 
Brookhaven at the RHIC Collider...

(Relativistic Heavy Ion Collider)

maps.google.com



RHIC @ BNL



RHIC @ BNL

Collaboration w/ 
Northrop Grumman

Superconducting
Magnets (@ 4oK)

RF Cavities

Tandems



Question:  The air is transparent.  How do we “see” it?

Answer: We can see it push things around, like kites...

This is the basic principle of “particle detection”,
use a device to transform an invisible particle

into something we can see (& record!)

wind



The STAR Detector



A Single RHIC Event in STAR



A Single RHIC Event

STAR:  A giant 3D camera...



1.6 × 10
−19

J

eV
× 197 × 200GeV ∼ 6µJ

How much
energy 
in each

collision?

Consider
two mosquitos

colliding...

2 ×
1

2
mv2 = (1g) × (10cm/s)2 = 10µJ



“Temperature” of the QGP

This is, in some sense, the 
“surface temperature”

of a RHIC collision, when
it “freezes” into particles

The “core” must have
been much hotter!

~4x1012 degrees F



Is QGP a gas or a liquid?

Is the QGP just
a “fireball”, just radiating

into free space?

Or is the QGP
more fluid?

(Does it flow?)



Even at these high energies,
RHIC “flows” like a fluid



A perfect fluid is one where there is no
resistance to the liquid flowing.

We say that a perfect fluid then has zero “viscosity”,
the feature of “sticky” liquids like honey.

Honey
Water Superfluid He3



Black Holes at RHIC?

sorry, no...



10-dimensional
Black Hole

(not a “real”
black hole...)

“Quark-Gluon
Liquid”?

A Mathematical Connection



Viscosity in Strongly Interacting Quantum Field Theories from Black Hole Physics
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The ratio of shear viscosity to volume density of entropy can be used to characterize how close a given
fluid is to being perfect. Using string theory methods, we show that this ratio is equal to a universal value
of !h=4!kB for a large class of strongly interacting quantum field theories whose dual description involves
black holes in anti–de Sitter space. We provide evidence that this value may serve as a lower bound for a
wide class of systems, thus suggesting that black hole horizons are dual to the most ideal fluids.

DOI: 10.1103/PhysRevLett.94.111601 PACS numbers: 11.10.Wx, 04.70.Dy, 11.25.Tq, 47.75.+f

Introduction.—It has been known since the discovery of
Hawking radiation [1] that black holes are endowed with
thermodynamic properties such as entropy and tempera-
ture, as first suggested by Bekenstein [2] based on the
analogy between black hole physics and equilibrium ther-
modynamics. In higher-dimensional gravity theories there
exist solutions called black branes, which are black holes
with translationally invariant horizons [3]. For these solu-
tions, thermodynamics can be extended to hydrodynam-
ics—the theory that describes long-wavelength deviations
from thermal equilibrium [4]. In addition to thermody-
namic properties such as temperature and entropy, black
branes possess hydrodynamic characteristics of continuous
fluids: viscosity, diffusion constants, etc. From the perspec-
tive of the holographic principle [5,6], a black brane cor-
responds to a certain finite-temperature quantum field
theory in fewer number of spacetime dimensions, and the
hydrodynamic behavior of a black-brane horizon is iden-
tified with the hydrodynamic behavior of the dual theory.
For these field theories, in this Letter we show that the ratio
of the shear viscosity to the volume density of entropy has a
universal value

"
s

! !h
4!kB

" 6:08# 10$13K s: (1)

Furthermore, we shall argue that this is the lowest bound on
the ratio "=s for a wide class of thermal quantum field
theories.

Viscosity and graviton absorption.—Consider a thermal
field theory whose dual holographic description involves a
D-dimensional black-brane metric of the form

ds2 ! g%0&MNdx
MdxN

! f%#&%dx2 ' dy2& ' g$%%#&d#$d#%:
(2)

[The O%2& symmetry of the background is required for the
existence of the shear hydrodynamic mode in the dual
theory, thus making the notion of shear viscosity mean-
ingful.] One can have in mind, as an example, the near-
extremal D3-brane in type IIB supergravity, dual to finite-

temperature N ! 4 supersymmetric SU%Nc& Yang-Mills
theory in the limit of large Nc, and large ’t Hooft coupling
[7–10],

ds2 ! r2

R2

!

$
"

1$ r40
r4

#

dt2 ' dx2 ' dy2 ' dz2
$

' R2

r2%1$ r40=r
4& dr

2; (3)

but our discussion will be quite general. All black branes
have an event horizon [r ! r0 for the metric (3)], which is
extended along several spatial dimensions [x, y, z in the
case of (3)]. The dual field theory is at a finite temperature,
equal to the Hawking temperature of the black brane.

The entropy of the dual field theory is equal to the
entropy of the black brane, which is proportional to the
area of its event horizon,

S ! A
4G

; (4)

where G is Newton’s constant (we set !h ! c ! kB ! 1).
For black branes A contains a trivial infinite factor V equal
to the spatial volume along directions parallel to the hori-
zon. The entropy density s is equal to a=%4G&, where a !
A=V.

The shear viscosity of the dual theory can be computed
from gravity in a number of equivalent approaches [11–
13]. Here we use Kubo’s formula, which relates viscosity
to equilibrium correlation functions. In a rotationally in-
variant field theory,

" ! lim
!!0

1

2!

Z

dtdxei!th(Txy%t;x&; Txy%0; 0&)i: (5)

Here Txy is the xy component of the stress-energy tensor
(one can replace Txy by any component of the traceless part
of the stress tensor). We shall now relate the right-hand side
of (5) to the absorption cross section of low-energy
gravitons.

According to the gauge-gravity duality [10], the stress-
energy tensor T$% couples to metric perturbations at the
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Details aside, this paper makes a calculation about
RHIC physics using a 10 dimensional black hole
and gets a meaningful result about its viscosity...



Lower Viscosity Bound
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The viscosity/entropy density ratio for helium, nitrogen and

water varies with temperature. Visible in the data is the infinite

slope at the gas–liquid phase transition for helium. The value of

the quotient obtained for systems dual to anti-de Sitter black

holes has been normalized to unity and is indicated by the hori-

zontal red line that lies well below the curves of the real-world

substances. (Adapted from ref. 2.)
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matter it describes warps spacetime and leads to gravitational

forces. In the language of quantum mechanics, the tensor couples

to gravitons analogous to the way that currents couple to photons

in quantum electrodynamics. The Maldacena duality and the con-

nections linking h to the stress–energy tensor to gravitons imply

that a fluid’s h is proportional to the zero-energy-limit cross sec-

tion for gravitons to scatter off the dual black hole. 

A standard result from quantum mechanics says that the cross

section for low energy scattering off a hard sphere is proportional

to the sphere’s cross sectional area. The graviton result is similar:

The zero-energy-limit cross section is proportional to the area of

the black hole horizon. In the ratio h/s, the horizon area cancels.

The specific systems that yield the duality value for h/s have

vanishing chemical potential. Son and colleagues conjecture that

the duality value is a lower bound for h/s in any nonzero-tempera-

ture system with vanishing chemical potential. Just what might

be said about h/s for systems with nonzero chemical potential is an

open question, but the techniques employed by Son and others

have a natural extension to that regime. Calculations for the gen-

eralized scenario, though, will have to deal with an interesting

technical wrinkle: The dual black hole has angular momentum.

Steven K. Blau
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A perfect liquid is impossible - but is RHIC the most perfect?

Physics Today, May 2005

RHIC?





So what have we found at RHIC?

But it turns out to
have fluid-like

properties

We thought it would be a gas of quarks & gluons,
or more like a plasma



What a difference a year can make!



What difference can a year make?



We don’t get many chances to think
about what we do.

Nor do we get many chances to try and describe
what we do for a wider audience.

InterAction collaboration, a consortium of the
public affairs departments of physics labs worldwide,
decided that they could reveal the creative energy

of physicists from all over the world by using
the power and immediacy of the internet.

“web log” → “blog”
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33 Physicists, 16 Nations

One World Year of Physics!







These blogs are now a time capsule: who knows what
one of us might have come up with 

on a sunny day on the beach in 2005?

and there are still two months to go!...





BNL has been taking an active role in the
World Year of Physics 2005, with

lectures and events all year...




